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'By combining Auger analysis with ion etching, the scanning Auger microprobe (SAM) provides hthree-dimensional* composition information not readily obtainable from other analytical methods* As this technique is being applied to the analysis of microelectronic devices with increasingly smaller dimensions, two major limitations become evident: (1) features of interest in microelectronic circuits are often comparable in size to the beam " diamter of comnzrcial Auger microprobes,' and (2) the electron beam tends to drift on the specimen surface because of mechanical instability and differential thermal expansion. Because Auger depth profiling requires relatively low sputter rates for good depth resolution, depth profiles of small features can be seriously degraded by beam drift. In this report, w describe a technique that will eliminate the error and uncertainty catse by beam Instability. In our technique, the analyzing beam Is scanned repetitively across the feature to be profiled, and the Auger signal is synchronously detected at the scan frequency. The resultant-Auger signal magnitude is shown to be unaffected by beam drift when compared to conventional detection methods. To carry out a position-modulated depth profile, a Z80-based microcomputer system developed in our laboratory is used to control the electron energy analyzer and to collect the necessary Auger data. The computer acquires the peak-to-peak amplitudes of the Auger signal and its quadrature, stores the energies at which the signal maxima and minima occur, and keeps track of the sputtering time. Position-modulated depth profiles are computed and plotted from the storeA data. 
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IV, THEORETICAL CONSIDERATIONS
The amplitude of an Auger signal detected using position modulation is readily derived. The result illustrates the independence of signal amplitude on movement of the electron beam.
To demonstrate this property of position modulation, we shall calculate the Auger signal amplitude explicitly for the specimen geometry illustrated in Fig. 3 . This geometry is well suited for application of the position modulation technique and might represent the * Schottky gate metallization of a metal-semiconductor microwave field-effect transistor (FIT). The feature has a width v and is taken to be homogeneous along its length and width. In the simplest experimental situation, elemental compositions are uniform both in the strip and in the region outside the strip, although the strip will in general have a layered structure. The analyzing electron beam of the SAM at the specimen surface is, for convenience, taken to be a square of uniform current density with aide D to simplify the analysis. These assumptions do not affect our general conclusions.
Suppose that the electron beam, using the secondary (or absorbed current)
imaging mode, is set to scan atlong a line of length 2L with the strip at its center. The parameter "I,, defined in Fig. 3 
Figure 3. A specimen geometry of interest: scan of total length 2L over a strip of length w, with edge a distance I from start of scan. The electron beam has uniform flux distribution over a square of side D. Scan position varies linearly with time, and instead of distances the geometry is equivalently described by the times (T, t, ti, and t ) required by the beam to scan through the racteristig distances.
*-012
£+w +012 When the electron beau is scanned repetitively along a line across the feature of interest, f(t) is a periodic function and may be represented as a Fourier series f(t) (a n a cos(2nwt/T) + b n sin( 2twt/T)J 1
The Fourier coefficients are
Consider now the output of LI No. 2. A lock-in amplifier may be viewed as a heterodyne mixer, which multiplies the input by a square wave with the scan period T:
M--1 tr + T/2 <To
The quantity tr is the adjustable phase shift of the lock-in amplifier. C(t) * may be expanded In a Fourier series as
Only odd harmonics of the scan frequency are present, The output of the mixer of the lock-in amplifier is proportional to f(t)-C(t).dn(E)/dE. A lock-in detector of the "quadrature" type incorporat-,s a second mixer that forms the product of f(t).dn(Z)/dE and a square wave siifted by 90 deg with respect to C(t). The "in-phase" and "quadrature" outputs of the lock-in, denoted by St and-SQ, are the components of the respective mixers at zero frequency. These 
We my approximate SI and sQ by the first term in these series expansions, because additional terms in the series corresponding to third and higher (nth) order harmonics fall off at least as rapidly as I/n 2 (in the limit of a small beam diameter) for the specimen geometry under discussion.
Many-lock-in detectors employ tuned amplifiers ahead of the mixers and in fact directly eliminate higher terms in the series expansions of Eqs. (5a) and
(5b).
The effect of the second lock-in, according to Eqs. Auger signal amplitudes will not change, according to Eq. (6a). With the use of position modulation, bass drift will result in a change in signal phase.
Phase information is stored along with signal amplitude and can be employed to distinguish between elements inside and outside of the feature of interest.
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V. RESULTS AND DISCUSSION
The basic concepts of position modulation were verified experimentally using a specimen geometry similar to that of Fig. 3 . The analyzing electron beam was scanned across a gold strip deposited on GaAs. The length of the scan was about three times the width of the strip. The MNN gold Auger peak at 69 eV was monitored while the position of the strip relative to the scan line was changed using the micrometer adjustments of the SAM specimen stage. The
Auger signal magnitude and phase, as defined in Eqs. We have examined simple cases in which a given element is present only in a particular region and has a uniform composition within that region. This idealization is realistic in many situations normally encountered in the analysis of microelectronic devices. is present only on the surface and is sputtered avay very quickly.
Symbol "11" denotes time at which sputtering (in bombardment) began.
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VI. SUMMARY AND CONCLUSIONS
We Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat transfer and flight dynamics; chemical and electric propulsion, propellant chemistry, environmental hazards, trace detection; spacecraft structural mechanics, contamination, thermal and structural control; high temperature . "thermomechanics, gas kinetics and radiation; ew and pulsed laser development including chemical kinetics, spectroscopy, optical resonators, beam control, atmospheric propagation, laser effects and countermeasures.
Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmospheric optics, light scattering, state-specific chemical reactions and radiation transport in rocket plumes, applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell physics, battery electrochemistry, space vacuu and radiation effects on materials, lubrication and surface phenomena, thersionic emission, photosensitive materials and detectors, atomic frequency standards, and environmental chemistry.
Computer Science Laboratory: Program verification, program translation, performance-sensitive system design, distributed architectures for spaceborne computers, fault-tolerant computer systems, artificial intelligence and microelectronics applications.
Electronics Research Laboratory: Microelectronics, GaAs low noise and power devices, semiconductor lasers, electromagnetic and optical propagation phenomena, quantum electronics, laser communications, lidar, and electrooptics; communication sciences, applied electronics, semiconductor crystal and device physics, radiometric imaging; millimeter wave, microwave technology, and RF systems research.
Materials Sciences Lsboratory: Development of new materials: metal matrix composites, polyers, and new form of carbon; nondestructive evaluation, component failure analysis and reliability; fracture mechanics and stress corrosion; analysis and evaluation of materials at cryogenic and elevated temperatures as well as in space and enemy-induced environments.
Space Sciences Laboratory: Kagetospherie, auroral and cosmic ray physIca, wave-prticle interactions, magnetospheric plasma waves; atmospheric and ionospheric physics, density and composition of the upper atmosphere, remote 1% -sensing using atmospheric radiation; solar physics, infrared astronomy, infrared signature analysis; effects of solar activity, magnetic storms and L,.-nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; effects of electromagnetic and particulate radiations on space systems; space instrumentation.
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